Abstract:
Background The chicken is a valuable model organism, especially in evolutionary and embryology research because its embryonic development occurs in the egg. However, despite its scientific importance, no transcriptome data have been generated for deciphering the early developmental stages of the chicken because of practical and technical constraints accessing pre-oviposited embryos. Findings Here, we determine the entire transcriptome of pre-oviposited avian embryos, including oocyte, zygote, and intrauterine embryos from Eyal-giladi and Kochav stage I (EGK.I) to EGK.X collected using a non-invasive approach for the first time. We also compare RNA-sequencing data obtained using bulked embryo sequencing and single embryo/cell sequencing technique. The raw sequencing data were pre-processed with two different genome builds, Galgal4 and Galgal5, and the expression of 17,108 and 26,102 genes was quantified in the respective builds. There were some differences between the two techniques, as well as between the two genome builds, and these were affected by the emergence of long intergenic non-coding RNA annotations.
Conclusion
The first transcriptome datasets of pre-oviposited early chicken embryos based on bulked and single embryo sequencing techniques will serve as a valuable resource for investigating early avian embryogenesis, for comparative studies among vertebrates, and for novel gene annotation in the chicken genome.
Herewith we are submitting our revised manuscript entitled "The first whole transcriptomic exploration of pre-oviposited early chicken embryos using single and bulked embryonic RNA-sequencing" (Manuscript ID: GIGA-D-17-00277).
We would like to express our sincere gratitude to the editor and reviewers who handled this manuscript. We also appreciate the positive and thoughtful comments of the both reviewers who have acknowledged the value of the data submitted. We believe that their comments have greatly improved the reproducibility and readability of our work, especially about the quality control and methodologies of our data. This manuscript was substantially revised according to all of the reviewers' comments. We also prepared a point-by-point response to the reviewer's comments and submitting herewith.
We are looking forward to meet editorial and reviewer suggestion regarding this revised manuscript.
Sincerely yours, Jae Yong Han, Ph.D.
-
-------------------------------------------------------------------------
The authors are very grateful for the response on the originally submitted manuscript. In accordance to the comments by the reviewers, we have provided point-to-point responses to all of your comments. We believe that this revision and our responses will satisfy your point of view on our manuscript.
<Response to reviewer 1 comments> The authors present a new dataset they generated with first analytical steps.
Emphasizing that chicken embryos are a very useful model to study because, in part of the accessibility of the embryo in the egg and thus to key steps of the development. However studies so far are focusing their efforts on the accessible stages of the development, i.e. those occurring in the egg and we are missing information on the development stages happening before oviposition.
The authors produced RNA seq data of those pre-oviposition stages thus giving access to the first expression map of chicken embryos at those early stages in development. Aware of technical biases, the authors sequenced the data from 2 different sources, single embryo vs bulked embryos. This gives an interesting overview of potential differences and strength of both approaches in the context of sequencing those very early stages. Also aware that researchers in the chicken community are still using Galgal4 reference build for comparison purposes, the authors aligned their sequenced data on the 2 most recent builds Galgal4 and Galgal5. This allows to appreciate intrinsic differences between both builds.
This dataset is of interest for any researcher in embryology, in chicken or not, that would like to access expression data of early stages of development. The authors made a good job at controlling the quality their data for the most part. I would definitely recommend to publish this work provided some minor additions/modifications.
RNA sequencing. Also, we used total 137 hens for bulked embryonic sequencing after egg-laying time checked. On the other hands, White leghorn flock we used is registered in Domestic Animal Diversity Information System (DAD-IS; http://www.fao.org/dad-is/) as "White Leghorn SNU" and they have been systematized since they were brought from National Institute of Animal Science in 1992. Thus, the chickens for bulked embryo and single embryo are considered to be the closed population with a genetically similar background. Nevertheless, the expression profiles were shown to be different between bulked and single oocyte and zygote based on Galgal5. This seems to be caused by individual variation and maternal effects in terms of gene expressions during very early stages such as oocyte and zygote, but not in EGK.X. In addition, we changed the words, "genetic information" and "genetic backgrounds" into "the individual gene expression diversity" (Line 170, 172), "its own gene expression" (Line 174), and "various individuals" (Line 176) for not making the readers confused the variation of gene expression with the variation of genetic background.
L90
: what is the rationale behind the number of embryos pooled together at each stage? Why did the authors chose a higher number for the latest stage? Response: We thank the reviewer for pointing out this important issue. When we did sampling oocyte, zygote, and intrauterine stages, firstly we checked the stage of embryo morphologically. Immediately after identifying the stage of the embryos, we pooled at least three embryos per one replicate in each stage. In this procedure, it is difficult to use the exact number of samples in all stages, owing to the limited acquisition of intrauterine embryos. In the case of EGK.X which is at oviposition, we could easily obtain a relatively larger number of embryos as one replication.
5. L123: It would be extremely interesting to have on idea of the RNA quality. What is the RIN for each sequenced sample? This information might be useful to interpret some of the further results. Response: As the reviewer's question, we prepared rRNA ratio during pre-ovipositional development and RIN of all samples in revised Table S1 : Additional file 1. RIN number below 7 were observed from zygote to EGK.VIII stage in few samples although same RNA isolation procedure was applied in oocyte and EGK.X. This is because of common phenomenon that rRNA ratio (28s: 18s) is lower than 1.8 from zygote to EGK.VIII stages, not caused by RNA quality. The low levels of 28s rRNA prior to maternal-to-zygotic transition (MZT) were generally found during early embryonic development. In chicken, the relative amount of 28s rRNA was reduced markedly after the zygote and recovered gradually after EGK.VIII at MZT occurring (Hwang et Table S1 : Additional file 1, the extracted RNA from these embryos have good quality. Thus, RNA quality does not seem to be related to the different correlation between Galgal4 and Galgal5.
13. L242: The author might want to moderate this sentence. Here bulked embryos were from different genetic background and extracted with a very specific technic. We would like to know to what extend those choices can impact the quality of the data as well. It might not be solely due to the pooling process. Response: As the above answers, the sample quality does not seem to be relevant to these effects. In terms of the evidences we have found, the pooling effect from the individual gene expression diversity and the difference of gene annotations could impact on such results between oocyte and zygote (Line 257-258).
14. Table1: "surviving": would suggest to rephrase Response: We have corrected "Surviving reads" to "QC passed reads" and "Surviving rates" to "QC passing rate" in revised method. This question is very interesting, but adding it to a discussion in the main text does not seem to fit the article type of the Data Note, so it only answers the letter.
17. Figure 3c is redundant with Table 2 . Y axis: anntoated -> annotated Response: First, typo that the reviewer pointed out has been fixed in Fig. 3c . But, Figure 3c and Table 2 are different. In case of revised Table 2 , the contents include only annotation comparison between Galgal4 and Galgal5. On the other hand, Figure  3c demonstrates that how many newly annotated genes were actually expressed in terms of mapped reads across all samples. In order to improve the readability for the potential readers, Table 2 and Fig. 3c citation of the main text were modified in Line 204-206.
18. Figure 4 : would be interesting to correlate those coordinates with known covariates to show what are in the main axis of variation. Response: Thanks for reviewer pointing out an important issue. As part of the reviewer, we proceeded with factor analysis through various environmental variables (Batch effects and etc.) with vectors obtained through dimensional reduction. As a result, the variation of the projected vector values of dimension 1 and dimension 2, as mentioned in the text, describes the sub-cluster structure of developmental stages best. First dimension showed that developmental stages progressed in a negative direction during intrauterine development. In case of second dimension, variation of values seem to explain the difference between oocyte and fertilized embryos from zygote to EGK.X (Line 417-420). <Response to reviewer 2 comments> Hwang and coauthors report their RNA sequencing data of pre-oviposited early chicken embryos. The authors used single cell as well as standard whole tissue RNAseq analysis and also assess differences between gene annotation in the two most recent chicken genome builds. Given the wide usage of the chicken embryo as a model system to study vertebrate development, this contribution is very important to the research community. I have several issues for the authors to consider revising.
1. Quality of total RNA was assessed using several methods including an Agilent Bioanalyzer (lines 97-100). The RNA integrity number (RIN) should be reported for all samples. Typically, RNA samples with a RIN ≤ 7 are not suitable for accurate RNA-seq analysis.
Response: We are thankful to the considerate comments by the reviewer. As the reviewer's suggestion, we prepared rRNA ratio during pre-ovipositional development and RIN of all samples in revised Table S1 : Additional file 1. RIN number below 7 were observed from zygote to EGK.VIII stage in few samples although same RNA isolation procedure in oocyte and EGK.X. This is because of common phenomenon that rRNA ratio (28s: 18s) is lower than 1.8 from zygote to EGK.VIII stages, not caused by RNA quality. The low levels of 28s rRNA prior to maternal-to-zygotic transition (MZT) were generally found during early embryonic development. In chicken, the relative amount of 28s rRNA was reduced markedly after the zygote and recovered gradually after EGK.VIII at MZT occurring ( Response: Thanks for reviewer's suggestion to improve the reproducibility of our paper. Based on the reviewer's comment, we add specific option of used tools as follows:
( 1 Response: In this study, we just used Galgal4 and Galgal5 reference genome and gene annotations rather than do-novo based assembly. Thus, those annotations have been already provided in Ensembl DB; (Galgal4, jul2016.archive.ensembl.org/Gallus_gallus/Info/Annotation and Galgal5, www.ensembl.org/Gallus_gallus/Info/Annotation). The major difference between two gene builds is shown to be the presence of long non-coding genes and the increased number of gene transcripts.
6. Figure 4 alludes to interesting differences in gene expression between developmental stages but there are no reports on what these genes are in the main body of the paper. An additional figure or table should be added to report several aspects of differential gene expression between embryo stages. Response: Since this article type is a Data Note and according to the Criteria of Data Note in GigaScience, we have focused on the results obtained from the pre-processing step as much as possible. As shown in Figure 4 , the expression pattern of these genes will vary according to the developmental stages, we expect potential users to unveil their-own downstream analyses based on the raw-count and TMM normalized matrix we provided. Moreover, because of the possibility of duplication of processed data regarding differential gene expression in our further research article, please excuse that we could not provide it completely. Kochav stage I (EGK.I) to EGK.X (Fig. 1a) . Furthermore, a single oocyte, zygote, and EGK.X 56 blastoderm from one hen were sequenced (Fig. 1b) and compared with the results for bulked 57 embryos. Based on the whole transcriptome of early chicken embryos, we mapped our 58 sequencing reads on the two most recent chicken (Gallus gallus) genome references,
59
Galgal4 and Galgal5, and examined the differences in gene expression between the two 60 builds with or without long intergenic non-coding RNA (lincRNA) annotations. In the chicken, the initial 25 h of embryonic development from fertilization to oviposition 65   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 progresses through the oviduct. (Fig. 1a) .
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The egg-laying times of white leghorn (WL) hens were recorded, and intrauterine classified according to morphological criteria (Fig. 1c) . All stages were prepared in triplicate 89 and each replicate contained three to seven embryos, while there were ten embryos per 90 replicate of the post-oviposited EGK.X blastoderm (Fig. 2a) . Shortly after collection, the 91 embryos were separated from the egg using sterilized paper, and the shell membrane and 92   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 EGK.X blastoderm to be collected from one hen at the same time, which minimizes any 117 individual variation and maternal effects (Fig. 1b) (Fig. 2b, c) . The total amount of RNA for a single embryo was higher 126 and more constant among the different stages than with the bulked embryo collection (Fig.   127 2d). terms of their Ensembl IDs (Fig. 3a) . Of the 17,108 and 26,102 annotated genes in Galgal4
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and Galgal5, respectively, only 11,451 Ensembl IDs were shared by both annotations, while 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 the raw gene annotations of Galgal4 and Galgal5, respectively (i.e., 16,207 and 22,253 201 genes remained). Because the same pattern of results was observed when validated with 202 the filtered Ensembl IDs (Fig. 3b) , we then examined which RNA type produced the 203 difference between Galgal4 and Galgal5. As a result, many lincRNAs and protein-coding 204 genes were newly identified in Galgal5 (Table 2 ) and confirmed to be expressed in early 205 chicken embryos (Fig. 3c) . With the development of sequencing technology, lincRNA has 206 been added to over 5,166 new genes, and it was confirmed that it is actually expressed in 207 our data based on the mapped reads. Unlike lincRNA, which was unilaterally added to
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